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(54) Tide: DIMERIC DIIMINE TRANSITION METAL COMPLEX AND CATALYSTS 




(A") 



m 



(i) 



(57) Abstract 

The invention relates to a dimeric late transition metal complex having the formula (1) wherein: Q, C and N form an unsaturated 
line of aromatic nature; the divalent group Q is a chain of 3 or 4 atoms having the formula -[(CR) n Zr]- wherein each R is independently 
selected from hydrogen, a halogen, a substituent comprising a heteroatom, and a C,-C 3 o hydrocarbyl, Z or each Z independently occurs at 
any place of the chain Q and is selected from -N=, -NR R' being hydrogen or a C,-C,o hydro-carbyl, -S- and "CK n is 2 or 3 and 
r is 0 or 1 when n+r is 3, and, n is 2, 3 or 4 and r is 0, 1 or 2 when n+r is 4; Rio is hydrogen, a halogen or a C1-C30 hydrocarbyl; R11 
is hydrogen a halogen or a C1-C30 hydrocarbyl; M is cobalt or nickel; Xj and X 2 are independently selected from a monovalent ligand 
attached to M; A" is an anion and m is 0, 1 or 2, one of Xi and X 2 optionally missing in the case m is 1 or 2, and the open lines from M 
and Xi are M-Xi and Xi-M bonds, respectively, between the two mers of the dimer. 
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Th e mvenbon relates to a ^£^^^££5 
unsaturated compounds. 

T K KiUian. C M., Btookhart, M„ 3. Am. Chem. Soc, 
Only recently, see Johnson, L.K., Kill mn, u "' d for the first 

U70995), 6414. high molecular wetght P ^;X #tlfa WO 



described. 



_ h Riilke, R.E., Cells, " 

Vrieze, K„ Goubiz, K„ Schenk, ^<*"££ con]prismg different bidentate 

me preparation of late ^described. According to 

N< 2.pyridinylmemylene)hydrocarbylanuno hgands wa eth ^ 

to document, me stability of the complete were^ ^S°<£™ &r a fevy 

^T^Z^rZXZ^ used as stab.e po.yrner.abon 
catalyst components. 

mfceprese^v^ 
25 metal complexes were, contrary to the ^uminoxane and 

following general formula (1) 
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N— Rn 



(A") 



m 



15 



(1) 



J2 

^ ^^ed Ln -^--r^Xn 
bydrocarbyl, -S- and -O-. » » 2 or 3 w halogen or , Cr c 3 „ hydro- 

4 and r is 0, 1 or 2 when n + r » 4; R,o » hydrogen, a • Qr ^ 

carbyl; Rn is hydrogen, a halogen or a C,-C» **£*Jv^ attachsd t0 M; A - is 
X, and X, are independent y . - ^ ^ ^ _ „ , 

:f: d t:;in^ tiM j* -.«. — • 

between the two mers of the dimer. 

• , + *«,«ci*nn metal complexes unexpected 

having the formula (2) 

m+ 




'N — R 



(2) 
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herein each of R.-R, is a substituent W£* t£ c r 0 „ a 2£2 I 
orga nic group or ring constat ~n g ^ J- ^ ^ ^ 
inorganic atom or group, Rio is a group selected trom ny g 

mui &^ , . _ t> ; c flT1 aromatic group and M, Xi, A 2 , a 

containing from 1 to 10 carbon atoms, Rn is an aromanc & y 

5 and m are the same as above. 

Thus it has been reahzed that dimeric late transition metal complexes comprising a 
^ 2™vyn»W™W°^° " ^able acUvataWe and 

aftive as catalyst the polymerization of ethylenically unsaturated compounds. 

T * 1. m the nvridine ring substituents R1-R4 may be a hydrogen, an organic 
In formula (2), the pyridine ring an inorganic 

1 r, CTOUO or ring constituent containing from 1 to 2U carDon ^ 

Som or "oup. Typical organic groups are C,C,o alkyls, C,C 18 ^aryls, C 7 -Q 9 
T T * r r alkarvls Typical ring constituents are those in which Ri and R 2 

Farther R 3 and R, may form together an aromatic ^chis 
1 < w4 the pyridine ring to form quinoline. Larger fused ring systems hke the 

lee ^ptnaTdine Jy also be used. Typical inorganic atoms or groups are 
T'Zl h27en and acyl, provided that they are unreactive towar^r 
iSaSTcf the complex and non-coordinating. This criterion is also valid for the 
above ring substituents R1-R4. 
20 Although the pyridine ring may have various non-reactive and non-coordinating 
substituents, R1-R4 are preferably a hydrogen. 

T * u m R n is a group selected from a hydrogen or a hydrocarbyl group 
Z£Z \2L l « 10 farbon atoms. Rio must also be internal* nnreaetive and 
non-coordinating. Preferably, R,o is a hydrogen. 
25 In me preferred dimeric late transition metal complex according to the invention and 
~ed oy formula (2), me group Rn may be any internally unreacnve and non- 
cotXnve Ltatic substituent By aromatic group is meaat any group structure 

Preferably, the aromatic group Ar has the formula (3) 
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• u fR R is a substituent independently selected from a hydrogen, an 
wherein each of R 5 -R 9 is a suDsntuen p & Qr ^ 

and non-coordinating. 

aralkyls and Cr-C 19 aUcaryl, Typical ™^ -nst^ R ; enmthrene , etc ., 
disclosed ring fused ring systems hke ^^^ordinaL of the nitrogen 
provided that they are non-eoordmatmg and allow the 
atoms of me Ugand to the late transition metal. 

C-Ca, alkyl, a C 6 -C 24 aryl, a t, ^30 y is0 propyl or tert. butyl, 

and R> are independently a branched C 3 -C l0 alkyl, sue 
Most preferably, R 5 and R 9 are isopropyl. 

m late transition meta. M of me J— — ^^^5^ 
fr omGronps8.10ofmePeriod.cTableofme™«saU J 

said dimerio complex, such as cobalt or ntcke i. A «°^ „ „ &e s0 
recommendation of 1990, me Groups are ^^J^fois me I called Ni 

S5*tJS of me Elements, most preferably cobalt or mckel. 

h addinon to said bidentate Ugand, the clahned la. — rneM comply 

formula (2) has one or two farmer Uganda capable of forming 

M-Th.se Uganda may be any monovdentCmono^ta^hg P^ ^ 
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cations. In the case of cations, the other of X, and X 2 , preferably a halogen, may 
optionally be missing. 

Preferably the monovalent ligands X, and X, are independently a hydrogen, a 
Z S a C,C l2 hydroearbyl, a C.-C, hydro carbyloxy, and, in the case m, 1 « 
> 2, optionally an electton donor compound. Most preferably, X, -d S ■ 
independently a halogen, preferably chlorine or bronune, or a C,-C s alkyl, 
Sfer^y Vemyl. As halogens form the strongest bridges, the mers of the duner 
preferably have at least one halogen as the ligand X, or X 2 . 

Although the invention also relates to said complex in the form of an ion pair, A" 
0 £JS *e strong anion WWW, me complex is preferably neutral, mat >s, m 
formula (2), m is preferably 0. 

Typically, the present late transition metal complex is selected from aH«M»^ 

m oi-^bromodibromobis[2,6-bis(lW^^ 
,5 phLylamineldiniclceiai), m-u-bromombromobis[2,6-dimemyl-N^^ 

^urvlene)pLylanrine]dinickel(n), di-n-bromodibromobis{2,6-b,s(l-methyl- 

dibromobis<2,6-bis(l^^ 

"oi) and di-u-bromodibromobis[2,6.bis(l-memylemyl>N-(phenyl-2-pyodmyl- 
20 memylene)phenylamme]dimckel(II). 

The invention also relates to a process for the preparation of the late transition metal 
complex described above. For example, in the process, an N-(2-pyndmyl- 
memylene)arylamine of the formula (6) 




N — R„ ( 6 ) 



25 



wherein each of R1-R4 is a non-coordinating substituent independently selected 
from a hydrogen, an organic group or ring constituent containing from 1 to 20 
carbon atoms, or an inorganic atom or group, R 10 is a non- coordinating group 
selected from a hydrogen or an organic group containing from 1 to 10 carbon atoms, 
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mi Rll iS a non-coo— — c group, is reacted with a o f the 

formula (7) 

(7a) 

DMX1X2 

or (7b) 
5 MX1X2 

wherei n D is an e—ea h, 

one of Gronps 8-10 of the Periodic Table of toe ^ ^ 

X 2 axe independent* a ™™^? 'T^ n ™ duct £ further reacted with 
^ optionaUy, in the case rn ' s ^f™d anon-coordinating anion A". 
10 an ion exchanging compound compnsmg a cation 

* 1 thev are as defined above in connection with 

zssisa^s^i- — - - - - 

in formula (6), Ar preferably has the formula (3) 




(3) 



15 



wto ein each of 1* is a sub— independent* selec.d ^ a hydrogen, an 
organic group or ring constituent contauung ftom 1 
inorganic atom or group. 

M0St prefers sard ^pyridinyhnethy^aryiannne of fomruia <* has the 
specific formula (8) 



20 




(8) 
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. • u i sthe S ameasabcve,R ;m dR,aremdep= n d=ntlyaC 1 -C 2 oalkyl,a 
wherein Rio * s me h4Ul ^ . 
C;.C 34 aryl, a C-C30 alkaryl or a CrC "M- 

h a— with the correspond — ^eaai^d late = n 

meta! compiex, is prefer^ ££££ °< « 

independently a branched C 3 -C 10 allcyl, more p 
most preferably isopropyl. 

A typical ^-^^^^S^^^- 
described late transition metal complex is 2,b ms^ 

me thylene)phenylamine. 

0 According to the claimed ^*^£ZJZ£$^ 
m e,hylene)arylamine is reacted w«h ^^fj some latt transition metals, 
an exchangeable bidentate hgand, or, m *<~« ^ ^ ^ stati onary 

ssr-s=f -r — 

15 latter is often the case e.g. with Co. 

^n nstng exchangeable ^^ZZ^^^ 
ttt^ZEZE- — » , seated from 
1 5-cycloo'ctadiene and l^dimemoxyethane. 

t1nf fnrmula m wiU remain in the final complex, the same 
20 As me late ^-^1 with the complex of the invention, 
applies for it as is stated above in conn iQ rf ^ 

Zs, M is preferably a — ^Xably cobalt or nickel. The 
Periodic Table oT fffj'^a (U X, and X, are preferably 
same applies for X, ana Aa. hvdrocarb yl, a C,-Ci, hydrocarbyl- 

25 independently a hydrogen, a hdo^aC C B J. ^ prrf . 

Cl -C 5 alkyl, preferably methyl. 

• i o relates to a late transition metal catalyst system for the polymer- 
The invention also relates to a iate u com nrises a dimenc late 

30 ization of ethylenically unsaturated compounds. It compns 
transition metal complex having the formula (1) 
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m+ 



10 




N— Rn 



(A'): 



m 



(1) 



„ rei »0 CandNfonu an saturated ring of aromatic nature; the divalent group 
wherem. Q, C andN to - K CR)„Z ( ]- whereat each R is 

Q is a cham of 3 or 4 atoms M.ms . ^ , comD rising a hetero- 

atom, and a Cj-Qo hydrocarDyi, hydrogen or a C r C 10 

fce cha in Q and is seiected ^J'^'Zl ^^l S.'-d. n is 2, 3 ot 
hydrocarbyl, -S- and -0-, nts 2 ot 3 and r « hydro _ 
4 and r is 0, 1 or 2 when n+r ts 4, R,o ts f „ cobalt or ^ckel; 

carhyl; R„ is hydrogen, ^^'^XTngand a«ached to M; A~ ts 
X, and X 2 are »d^ndendy selected bo ^ ^ &e ^ m , 

: rSt^riT- J X, are M-X, and X,M honds, respect, 
between the two mers of the dimer. 

The late transition metal catalyst system preferably comprises: 
15 a) adimericlatetran^ 




(2) 



(4 linear) 
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wherein each of R1-R4 is a substituent independently selected from a hydrogen, an 
organic group or ring constituent containing from 1 to 20 carbon atoms, or an 
inorganic atom or group, R 10 is a group selected from hydrogen and a hydrocarbyl 
containing from 1 to 10 carbon atoms, R„ is an aromatic group and M, X lf X 2 , A 
5 and m are the same as above, and 

b) a cocatalyst component selected from 

(i) an aluminoxane having one of the following formulas (4) 

\R I*' 
Al-C-O-Al-V-O-Al 

pAl-(-0-Al-yO-Al-| (4 cychc) 

1 — O ■ 

(OAlROp 

wherein each R is the same or different and is a C r C 10 alkyl group and p is an 
10 integer between 1 and 40, and 

(ii) an organometallic compound having the formula (5) 

(R" q MX' r - q )s (5) 

wherein R" is a C r C 10 hydrocarbyl, X' is a halogen, q is 1, 2 or 3, r is the valency 
of M, M is a metal selected from Groups 1 to 3 and 13 of the Periodic Table of the 
15 Elements (IUPAC 1990), and s is 1 or 2. 

If said organometallic compound having the formula (5) is used, M is preferably Al. 

With respect to the dimeric late transition metal component defined in paragraph a) 
above the definition is the same as for the dimeric late transition metal complex 
defined before. Thus, RrK* are preferably a hydrogen. Preferably R„ has the 
20 formula (3) 
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(3) 



wherei n each of *«. is a subsutuent £L" 22£ " 

inorgamc atom or group. R«-Rs are preieraoiy y » M aliaryl or a C- 
independently selected from a C,-C M alkyl, a C S -C M aryl, C 



C 30 aralkyl- 



10 



15 



20 



Most prefer^ R,o * a hydrogen and R^d "^J^^SSZS 

from Groups 9 or 10 oi tne renoui are g 

forms a dhner of me above type such as cobah hydl0 . 
independently a hydrogen, a halogen, a £ C„ hydr y^ ^ 

S2S J"- "r^y^WlV chlorhre or hromme, 

or a d-Cs'alkyl, preferably methyl, m is usually 0. 

bromobis[2,6-dimetnyi in ^ w j mPt hvl-2-uvridinyl)methyleiie]- 

rsar sss^ - - — 
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system is in solution. Preferably sard cocatalyst component is a C r C 10 alumin- 
oxane, most preferably methyl aluminoxane. 

fc order «o .V, as good 

ethylenically unsaturated compounds, the molar ratio Al/M pr 
and 10000, most preferably between 500 and 5000. 

T a st but not least the invention relates to process for the polymerization of ethyl- 
Last but not leasx, m polymerization process, under 

SST-SS^ . « J^omprishrg a — - — 
metal complex having the formula (1) 

— im+ 




N— R 



n 



(A') 



m 



(i) 



15 



Win- O C and N form an unsaturated ring of aromatic nature; the divalent group 
wherein. l{, i- ana iniuiui rci-p^ 7 1- wherein each R is 

O is a chain of 3 or 4 atoms having the formula -[(CR)„ZJ wherein 
Llenderl selected from hydrogen, a halogen, a subsutuent compnsmg a hetero- 
mdependently set independently occurs at any place of 

atom, and a C-C30 * 0 R , bein h ydloge „ or a C,-C,„ 

* chain Q and » se^ed from -N. NR J ^ ^ ^ ^ n fc ^ , ^ 

X, and X 2 are inaep y optionally missing in the case m is 1 

: TZTo^^ X, and X.-M honds, respectively, 

between the two mers of the dimer. 
Preferably, the catalyst system comprises 
25 a) a late transition metal complex component having the formula (2) 



20 
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R\0 




I m+ 



N— R n (A") m (2) 



, f R Rt is a substituent independently selected from a hydrogen, an 
wherein each of R1-R4 is a suosuui * atQms or m 

organic group or ring constituent ~ gfrorn^ «o^ ^ ^ 

toorganic atom or group, R,o » a group ^sel cted from Ivy g ^ a . 

containing from 1 ro 10 carbon atoms, Rn is an aromatic gr 
and m are me same as above, and 
b) a cocatalyst component selected from 
© an aluminoxane having one of me following formulas (4) 



/ * \ R , 

R R 

r x R' * 

pAl-(-0-Al-yO-Al-| 
L -Q ' 



(4 linear) 



(4 cyclic) 
(4 general) 



(OAlR')p 

10 herein eacb R is tbe same or different and is a C-C.o aUtyl group and p ts an 
integer, between 1 and 40, and 

(ii) an organometdlic compound having the formula (5) 

V (5) 

(R-qMX'r-q)* 
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Elements (IUPAC 1990), and s is 1 or 2. 





10 



15 



20 



25 



(3) 



whe rein each of ** is a — t indepen ^ - 
orgam c group 0, ring cogent —g *™ I » 2 ^ ^ ^ 
inorganic atom or » * ^ ^ or a Cr 

independent selected ^f^^JiZ** ©) and R s and R9 are 
r , aralkvl Most preferably Rio is a nyarogcu v 
Slepe^U a b-elred C 3 -C 10 alky! such as isopropyl or tert butyl. 

, ci and 21 M is preferably a transition metal selected from Groups 9 or 
In formula (1 and 2), M is preiera y . h as coba lt or nickel. X, 

W of me Periodic Table of the Elements (IUPAC ^ uch ^ ^ 

and X 2 are e.g. independently a hydrogen, a s , 

electron donor 

ss^i - * - ~ a V preferably " 

or bfomine, or a C-ft alkyU preferably methyl, m ts usually 0. 

« - — rrt^rci;^ 

bromobis[2,6-dimetnyl jn ^ py y j me thvl-2-pyridinyl)metliylene]- 
bromodibro^^^^^ 

phen y lanune}dmickel(Il), dt p. * r ™° di ^. br omodibromobisr2,6-bis- 
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15 mixture thereof with an a-Cj-Cio-olefin. 
Examples 
Figure Captions 

Fig. 1 Crystal structure of complex 1 showing labeling scheme. 

Ft. 2 Crystal structure of complex 2 showing the.labeling scheme. Displacement 

clarity. Selected bond lengths A) and angles^ ). Nt Nl 2. U, ^ 
^3^1 ^ S m-Ni-Cn ,,08(6), Nl-Nt-Clla 

« in. 3 Crystal structure of complex 3 with me labeling scheme. Displacement 

25 * * e 40% probabili,y level - Hydrogen ^ m 

clarity. 

Fig .4 Molecular structure of compound 4 showing the two crystallographically 
independent molecules of the asymmetric unit. 
30 Fig. 5 Crystal structure of complex 5. 

Fig. 6 Molecular structure of compound 6. The solvent molecules are omitted for 
clarity. 
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Examples 1 and 2 

A, Preparation of the complexes 

General 

All complex preparations were performed under argon atmosphere using standard 
5 Schlenk techniques . Acetone was dried by storing under argon with CaS0 4 granules, 
other solvents by refluxing with a drying agent (P 2 O s for dichloromethane and 
sodium/benzophenone for the non-halogenated solvents) and distillation under 
argon. Dichloro(l,2-dimethoxyethane)nickel(Il), (DME)NiCl 2 , and dibromo(l,2-di- 
methoxyethane)nickel(n), (DME)NiBr 2 , were prepared according to the literature. 
10 2-pyridinecarboxaldehyde (Merck, 98 %), and 2,6-di(l-memylemyl)phenylarnine 
(Aldrich, 90 %) were used as received. -*H NMR: Varian Gemini 200 spectrometer 
(200 MHz); CDC1 3 , or [D6]acetone as solvent, TMS as internal standard. Elemental 
analyses were carried out at the University of Ulm, Germany. 

2,6-bis(l-methylethyl)-N-(2-pyridinylmethylene)pher^^ (Li) 

15 The ligand was synthesized by modifying the literature method reported for the 
analogous 2,6-dimethyl compound. Ethanol (100 ml), 2,6-di(l-methylethyl)phenyl- 
amine (15.76 g, 80.0 mmol), and 2-pyridinecarboxaldehyde (8.57 g, 80.0 mmol) 
were combined and refmxed for 20 min. The solvent was removed and the residue 
was vacuum distilled followed by chromatography on basic alumina with pentane/- 

20 ethyl acetate (3:1) as eluent. RecrystalUzation from pentane yielded pale yellow 
crystals, 14.36 g (67 %). -*H NMR (CDC1 3 ): 5 = 1.17 (d, 12H, H Me ), 2.97 (m, 2H, 
CHMe 2 ), 7.16 (m, 3H, H arom ), 7.42 (m, 1H, H pyri din e> 4), 7.86 (t, 1H, H pheny i. 4 ), 8.27 (d, 
1H, H pyridine>3 ), 8.31 (s, 1H, CH=N), 8.73 (d, 1H, H pyTidine , 6 ). - C 18 H 22 N 2 (266.39): 
calcd. C 81.16, H 8.32, N 10.52; found C 81.01, H 8.37, N 10.39. 

25 Di-^-chlorodichlorobis[2,6-bis(l-methylethyl)-N-(2-pyh^ 
amine] dinickel(II) (1) 

To a suspension of (DME)NiCl 2 (1.86 g, 8.45 mmol) in 40 ml dichloromethane was 
added the yellow ligand solution (2.34 g, 8.77 mmol in 15 ml CH 2 C1 2 ). After 
stirring the brown reaction mixture for 24 h at room temperature, the solvent was 
30 evaporated and the resulting solid material was washed with pentane (3 x 20 ml) 
and dried in vacuum yielding complex 2a as orange powder, 2.65 g (79 %). 
- C 3 6H44Cl4N 4 Ni 2 (791.97): calcd. C 54.60, H 5.60, N 7.07; found C 54.61, H 5.94, 
N6.68. 
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Di-/j.-bromodibromobis[2,6-bis(l-methylethyl)-N-(2-pyridiny^ 
amine] dinickel(II) (2) 

Analogously to the preparation of 2a, complex 2b was prepared from (DME)NiBr 2 
(0.40 g, 1.30 mmol) and L (0.36 g, 4.89 mmol) in CH 2 C1 2 . The orange-red powder 
5 was collected by filtration, washed with pentane (3 x 10 ml) and vacuum dried; 
yield 0.44 g (70 %). - CagHwB^N^ (969.77): calcd. C 44.59, H 4.57, N 5.78; 
found C 44.10, H 4.59, N 5.68. 

B. Analysis of the complexes 

X-ray crystal structure determinations 

10 The crystals were mounted to a glass fiber using the oil drop method. Crystal data 
obtained with the to-29 scan mode were collected on an automated four-circle 
Rigaku AFC-7S diffractometer using graphite monochromatized Mo Ka radiation 
(X = 0.71073 A) at 193 K. Three standard reflections were monitored after every 
200 intensity scans. The intensities were corrected for Lorentz and polarization 

15 effects. Data sets were compressed to reflection files with TEXSAN Single Crystal 
Structure Analysis Software. The structures were solved with SHELXTL PC 4.1 
program package using direct methods while further refinement with full-matrix 
least-squares on F 2 was carried out with SHELXL 93. All nonhydrogen atoms were 
refined anisotropically. Hydrogen atoms were introduced to calculated positions 

20 (riding model) with 1 .2 times the displacement factors of the host carbon atoms. 

Fig. 1 shows compound 1 and Fig. 2 shows compound 2. 
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Table 1 



Crystallographic data for complex 2 




C. Polymerization of complexes 1 and 2 

... i rp „ llts ^th catalysts 1 and 2/MAO are 

PO'^O" r™n"tXes 1 id 2 ^ M^O produces 
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10 



both the activities and product molecular wights «*P ^ 
polymerization temperature As P°^™ ^ ^ P systems low enng the 
Ur : Ituiar weU hy an order of 

mechanism for both catalysts. 

Si « of toe major tools to tailor polymer properue, 
Table 2 




15 



20 



25 



™ ««, T - 15 min (except at 0 °C 30 min), [AlMMJ = 2000 ' 

Examples 3-6 
A. General 

* complex preparations were P-*^^^^ <£. 
^dard Schlenk techniques. Acetone was ** dichloromemane 

granules, other solvents by refluxmg «t » drymg ag«at 1 a ^ 
lsodium*enzophenoneforme^ ^ 
argon. Commercial reagents namely 1 (2pyn jn methyleth yl)phenylamine 
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S2TS 'JZJZLl Elemental anaLyses were carried - at - 
University of Ulm, Germany. 

md p 0 l ysW rene «° scaJ L g calorim e«ry using a Perkin Elmer 
samples were d ^^[ s 7* ^structure was based on NMR spectra 
0 DSC-2 calorimeter. Analysis 01 polymer Smmles were dissolved in 

a a nn n Varian XL-300 spectrometer at 125 C. samples wac 
recorded on a Vanan V rf 1A4Jtndltoro - 

1 1 2 2-tetrachloroethane-<f2 and a lu.i weigm i« 

^ene and benzene-* for >H and »C NMR measurements, respectively. 

B. Ligand and complex preparation 

a T^a?w7LTme ( o^um p added. This mixture was heated to 
^cZs^ZZ^ at mis temperature for 24 h. The 
120 C and stm ™« in 50 ml of dichloromethane, filtered, washed with 50 ml 

20 raw product was dissoWed ^50 ndo evaporati on the yellow- 

" IflTlXc"— fron ^anol «e.w cubic 
9 99% Found: C 81.36 H 8.65, is iu.zi/o. n v 

y.yy/o. ru f 2H CHMe2 ) 9 7.11-7.20 (m, 3H, H phe „ y i), 7.39 

25 H M e), 2.21 (s,3H,H brid ge.Mc), 2.75 • Cm, 2H ^ 2 ;, 

(m, 1H, H pyridin o), 7.82 (t, 1H, H pyridine ,4), 8.36 (d, 1H, W ^ 

Hpyridine.6) PP m - 

26 . bt s(l-methylethyl)-N-(phenyl-2-pyridmy^^^ 

30 "xirSL was 'obtained from efitan ol as bri^t 

^^^^ 

5 I > 9o'd 3H 0.97 (d, 3H, H M= ), 1.14 (d, 6H, H M «), 2.93 (m, 2H, CHMe 2 ), 
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6.98-7.23 (m, 6H, H arom ), 7.45 (m, H arora ), 7.83 (m, H arora ), 8.25 (d, H arom ), 8.64 (m, 
H^om) ppm. 

Di ^-bromodibromobis[2,6-dimet^ 
dinickelfll) (3) 

5 To a suspension of [(DME)NiBr 2 ] (2.03 g, 6.6 mmol) in 20 ml of CH 2 C1 2 was added 
Z sZo* of ligl U (1-42 g, 6.8 nnnol) in 20 ml of CH 2 C1, The or^e-.d 
reaction mixture was stirred for 24 h at room temperature, after which the 
prect"as collected by filtration, washed with pentane (2x10 ml), and vacuum- 
Siding complex 3 as orange-yellow powder, 1.55 g (35%). 

10 S '.55) Anal, calc : C 39.22; H 3.29; N 6.53% Found C 38.97; H 3.60; N 6.39%. 

Compounds 4-6 were prepared analogously from [ ( DME)NiBr 2 ] and the 
corresponding ligand in dichloromethane. 

Di . M . b romodibro m obis{2,6-bis(l-me^^ 
methylene Jphenylamine}dinickel (II) (4) 

15 Orange-yellow powder, yield 57%. C 38 H 28 Br 4 N 4 Ni 2 (997.82) Anal, calc: C 45.74; 
H 4.85; N 5.61%. Found: C 45.56; H 4.81; N 5.53%. 

Di ~ M - b romodibromobis{2,6-bis^^ 
amine}dinickel(II) (5) 

Bright orange powder, yield 62%. C, 8 H 28 Br 4 N 4 Ni 2 (997.82) Anal, calc, C 45.74; H 
20 4.85; N 5.61%. Fonnd: C 45.44; H 4.84; N 5.69%. 

phenylamine]dinickel(II) (6) 

Orange-brown powder, yield 77%. C 48 H n Br 4 N 4 Ni 2 • CH 2 C1 2 (1206.89) Anal, calc, 
C 48.76; H 4.51; N 4.64%. Found; C 48.44; H 5.05; N 4.55%. 

25 C. X-ray crystallography 

The crystals were mounted to a glass fiber nsing the oil drop method [30]. Crystal 
data obtained with the <o26 scan mode were collected on an automat c£ f°--cncle 
Rieaku AFC-7S diffractometer using graphite-monochromauzed Mo-K. radiation 
a = 0 71073 A) at 193 K (except for complex 7 at 213 K). Three standard 
30 reflections were monitored after every 200 intensity scans. The intenstttes were 



PCT/FI99/00803 

WO 00/1 8776 rU lyy/ 

21 

corrected for Lorentz and polarization effects. For all compounds xy-scans were 
used for absorption correction [31]. Data sets were compressed to reflection files 
with TEXSAN Single Crystal Structure Analysis Software [32]. Structure solution 
using direct methods and further refinement with full-matrix least-squares on F 2 was 
5 carried out with SHELX97 [33]. All nonhydrogen atoms were refined 

anisotropically. Hydrogen atoms were introduced to calculated positions (riding 
model) with 1.2 times the displacement factors of the host carbon atoms. 

Crystallographic data for the structural analysis have been deposited with the 

Cambridge Crystallographic Data Centre, CCDC No. 133658 (for 3), 133659 (for 
10 4), 133660 (for 5) and 133661 (for 6). Copies of this information can be obtained 

free of charge from: CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: 

+44-1223-336 033; E-mail: deposit@ccdc.cam.ac.uk. 
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Scheme 1 




L 2: R = Me;R' = R"=H 
L 3 : R=iPr;R' = H;R" = Me 
L 4 : R = zPr;R«=Me;R"=H 
L 5 : R=iPr;R' = Ph;R"=H 




3: R = Me;R , =R"=H 

4: R=7Pr;R' = H;R"=Me 

5: R=zTr;R , = Me;R"=H 

6: R = Z Pr;R , = Ph;R"=H 
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Claims 

!. A dimeric late transition metal complex havmg the formula (!) 



10 



im+ 



Q ^ N / Rl ° 
X N — K-ii 




(A')m 

CD 



wh erem Q, C and* form an unsaturated ring - «-£ "^""Ts 
Q is a cham of 3 or 4 atoms havmg me formula W J & ^ 

— s at an, place of 

atom, and a C-C30 hydrocaroyi, hydrogen or a C-C10 

fte chain Q and is selected from -N NK , n . $ 2 3 or 

hydrocarbyl, -S- and -0-, n ts 2 or 3 an r »0 or 1 ^ & ^ ^ 

4 and r is 0, 1 or 2 when n+r is 4, R,. » hydros (. ^ m ^ 

eatbyl; Rn U ^it-— ^ d — » * ^" 1 
X, and X 2 are mdependendy selected tro ^ ^ case ffl 1S j 

an anion and m is 0, 1 or 2, one of X, -** J ^ ^ 

or 2 and the open lines from M and X, are M Xi 

between the two mers of the duner. 
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m+ 



(A") 



m 



(2) 



wherein each of R1-R4 is a substituent independently selected from a hydrogen, an 
"group or ring constituent containing from 1 to 20 carbon atoms, or an 
SrTanic atom or group, R a o is a group selected from hydrogen and £ hydrocarbyl 
5 confining from 1 to 10 carbon atoms, R u is an aromatic group and M, X,, X 2 , A 
and m are the same as above. 

3. A late transition metal complex according to claim 2, characterized in that R r 
R4 are a hydrogen. 

4. A late transition metal complex according to claim 2 or 3, characterized in 
10 that Rn has the formula (3) 





(3) 



wherein each of R5-R9 is a substituent independently selected from a hydrogen, an 
organic group or ring constituent containing from 1 to 20 carbon atoms, or an 
inorganic atom or group. 
15 5 A late transition metal complex according to claim 4, characterized in that 
R.-R8 are a hydrogen and R 5 and R 9 are independently selected from a C r C 20 alkyl, 
a C 6 -C 24 aryl, a C 7 -C 30 alkaryl or a C 7 -C 30 aralkyl. 



PCT/FI99/008O3 



WO 00/18776 



30 



10 



«. A late transition metal comply according to claim 5 .charactered m 
is a hydrogen and Rs and R, are independently a branched C,-C w alky! pretera y 
isbpropyl or tert. butyl. 

7. A late transition metal complex according to claim 6, characterized in that R 5 
and R$ are isopropyl. 

8 A late transition metal complex according to one of claims 1 to 7. character- 
«i in that X, and X, are independently a hydrogen, a halogen, a C-Cu hydro 
S aT.-clXdrocarbyloxy'and, in the case m is 1 or 2, optionally an electron 

donor compound. 

9 A late transition metal complex according to claim 8, characterized in that X. 
and X 2 are independently a halogen, preferably chlorine or bromine. 
10. A late transition metal complex according to any of claims 1 to 9, character- 
ized in that m is 0. 

II A late transition metal complex according to any of claims 1 to 10 charac- 
a rt^i. selected from di-p.-chlorodichlorobis[2,6-bis(l-methylethyl>N- 

(l-m^lethyl>N^^ 
n A late tradition metai catalyst system for the polymerization 
ilmratd compounds, characterized in mat it comprises a dtmenc late fransmon 
20 metal complex having the formula (1) 

— im+ 



15 




N— Rn 



(A") 



m 



en 



wherein- Q C and N form an unsaturated ring of aromatic nature; the divalent group 
Q isTcham of 3 or 4 atoms having me formula - K CR)A]- wherem each R u 
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• , rf,ntlv selected from hydrogen, a halogen, a substituent comprising a hetero- 
md ependently selected fto y g dently occurs at any place of 

atom, and a C r C 3 o hyorocarDyi, ^ hydrogen or a Ci-Cio 

tte chain Q and is ^^J^Z „ 1 ^TJi. 3. -d. n is 2, 3 or 
hydrocarhyl, -S- and-O-, n.s 2 or 3 ^ c Cjo hydr0 . 

4 and r is 0, 1 or 2 when n + r rs 4, R,. a hydrogen, a g 

Xl and X 2 are * tionally in the case m is 1 

^ r^-ule^rM and' X, are M-X, and X,M honds, respecnve.y, 
between the two mers of the drmer. 

13 . A late transition metal eatalyst system according to claim 12, characterized in 
that it comprises 

a) a dimeric late transition metal complex component having the formula (2) 



— l m+ 




(A") 



m 



(2) 



15 wh erem each of R.-R, is a suhstituen, mdependendy selected ta , hy*ogen an 

-anic -* M ^JttZZZXLZ^**^ 
Z^Z^ ni'n Ito^R,, is an aromatic group - * *. X, A" 

and m are the same as above, and 
20 b) a cocatalyst component selected from 

(i) an aluminoxane having one of the following formulas (4) 
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r ¥ /R 

R' K 

R R R ' 

X 1 / 
r-Al-(-0-Al-yO-Al-i (4 cyclic) 

I — O- ' 

(4 general) 

(OAlR')p 

herein each K is me same or ditferent - is * <*C -* — °» d .» * " 
integer between 1 and 40, and 

(ii) an organometalhc compound having the formula (5) 

^ ' (5) 

5 (R'qMXWs 

i n ic 1 1 or 3 r is the valency 
wherein R" is a C-C,„ hydrocarbyl, X' » ah^ogen, ,»£2 o ^ 
of M M is a metal selected from Groups 1 to 3 and 13 
Elements (IUPAC 1990), and s is 1 or 2. 

14 . A catalyst system according to claim 13, characterized in that ** are a 
10 hydrogen. 

i i-a «r 14 characterized in that m 
15 A catalyst system according to claim 13 or 14, cnarac 

formula (2), said Rn has the formula (3) 




(3) 



u ■ V» of R Ro is a substituent independently selected from a hydrogen, an 
wherein each of R5-R9 is a suosm r atom Qr m 

15 organic group or ring constituent containing from 1 



inorganic atom or group 
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16 A catalyst system according to claim 15, characterized in that : R^R. are a 
hydroUt and*, - independently selected from a Cl -C 20 alkyl, a C 6 -C 24 aryl, 
C7-C30 alkaryl or a C7-C30 aralkyl. 

isopropyl or tert. butyl. 

«. A catalyst system according to claim 17, characterized in ma, R s and B. are 
isopropyl. 

19 A catalyst system according to one of claims 12 to 18, eh 

ssirti-rra-rrt 33 rr^ c ^ 

compound. 

20 A catalyst system according to claim 19, characterized in that X, and X 2 are 
independently a halogen, preferably chlorine or bromme. 

21 A catalyst system according to any of claim, 12 to 20, characterized in mat m 



10 



15 



20 



25 



22. A catalyst system according ^^J^^^Z 
dinickel(II). 

23 A catalyst system according to any of claims 12 to 22, characterized in mat 
Sd coca^st component is a t*C — • ***** *— ' 

24 A catalyst system according to any of claims 13-23, characterized in mat the 
£ta ratio M is between 10 and 10000, preferably between 500 and 5000.. 

u A orocess for the polymerization of ethylenically unsaturated compounds, 
characterized in that at JT one ethylenically unsaturated compound ts under 
folyTetltion conditions contacted with a catalyst system compnsmg a dunenc 
late transition metal complex having the formula (1) 
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CD 



15 



Q is a chain of 3 or 4 atones having *e formu! TO J ^ ^ 

independently selected from hydrogen, a halogen a ^subsh P rf 

j r Wdrocarbvl, Z or each Z independently 
atom, and *<^**°™' _ N= , R- being hydrogen or a C,-C w 



j n r hvdrocarbyl, Z or each i. inaepenuciu.? ~- ' ' r 

atom, and a C-C30 hydrocaroyi, hydrogen or a C,-C,o 

.he chain Q and is selected from -N-, -NR £ J J ^3 or 

hvdrocarbyl, -S- and -0-, n is or 3 mt r »0-lw ^ ^ ^ ^ 

4 and r is 0, 1 or 2 when n+r is 4, R,„ is ^ or ^ckel; 

carbyl; Rn is hydrogen, a halogen «^^^gv, attach ed to M; A" is 
X, and X, are independent* ^ ^ in the case m is 1 

: Z£T££tt2 and X.-M bonds, respectively, 

between the two mers of the dimer. 

, m n characterized in that, under polymerization 
26. Process according to claim 25, ^«™**™ omd is 

conditions, at least one polymenzable ethylemcally uns 
contacted with a catalyst system comprising 

a) a dnneric late transition metal complex component having the formula (2) 



1 
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— R 



11 



m+ 



(A') 



m 



(2) 



wherein each of R1-R4 is a substituent independently selected from a hydrogen, an 

organic group or ring constituent containing from 1 to 20 carbon atoms, or an 

inorganic atom or ^roup, R 10 is a group selected from hydrogen and a hydrocarbyl 

containing from 1 to 10 carbon atoms, R„ is an aromatic group and M, X,, X 2 , A 

and m are the same as above, and 

b) a cocatalyst component selected from 

(i) an aluminoxane having one of the following formulas (4) 



R 
I 



R 



\ 

Al-(-0-Al-VO-Al 

pAl-(-0-Al-yO-Al-| 
I — O ' 

(OAlR% 



(4 linear) 



(4 cychc) 
(4 general) 



10 



wherein each R is the same or different and is a C,-C,o alkyl group and p is an 
integer, between 1 and 40, and 

(ii) an organometallic compound having the formula (5) 
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wherein R" is a Cl -C 10 hydrocarbyl, X is a halogen, q is 1 2 or 3, r is me valency 
of M, M is a metal selected from Groups 1 to 3 and 13 of the Periodic Table of the 
Elements (1UPAC 1990), and s is 1 or 2. 

27. A polymerization process according to claim 26, characterized in that in 
formula (6), Rj-Pm are a hydrogen. 

28. A polymerization process according to claim 26 or 27, characterized in that in 
formula (2), said Rn has the formula (3) 



10 



15 



20 




(3) 

wherein each of R s -R 9 is a substituent independently selected from a hydrogen, an 
organic group or ring constituent containing from 1 to 20 carbon atoms, or an 
inorganic atom or group. 

29 A polymerization process according to claim 28, characterized in that R,-R 8 
are a hydrogen and R 5 and R 9 are independently a d-C 20 alkyl, a C 6 -C 24 aryl, a 
C7-C30 alkaryl or a C7-C30 aralkyl. 

30 A polymerization process according to claim 29, characterized in that K 10 is a 
hydrogen and R 5 and R 9 are independently a branched C 3 -C 10 alkyl, preferably 
isopropyl or tert. butyl. 

3 1. A polymerization process according to claim 30, characterized in that R 5 and 
R9 are isopropyl. 

32 A catalyst system according to one of claims 26 to 3 1, characterized in that in 
formula (6) Xi and X 2 are independently a hydrogen, a halogen, a d-C 12 hydro- 
carbyl, a c'-Cu hydrocarbyloxy, and, in the case m is 1 or 2, optionally an electron 
donor compound. 

33. A catalyst system according to claim 32, characterized in that X, and X 2 are 
25 independently a halogen, preferably chlorine or bromine. 
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34. A catalyst system according to any of claims 26 to 33, characterized in that in 
formula (2), m is 0. 

35 . A portion process according to 



15 



dinickel(II) 



3, A poly— process according to ^ - *^ ^ Sj 
in that said cocatalyst component is a C1-C10 aluminoxan , P 



10 aluminoxane 



preferably between 500 and 5000. 

3, A polymerization process accordmg to any* ^^^t 
in that said ethylenically nnsatnrated » m P omd ; S J el "" H J efm md 
0 .C 3 -C M olefin, a conjugated C-C 12 diene and an ct-co C s C„ oro 
polymerizable combinations thereof. 
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